ABSTRACT Vehicle speed trajectory and traffic signals significantly impact vehicle's fuel consumption and travel time in the urban road network. In this paper, we proposed an optimal vehicle routing algorithm that takes the waiting time at signalized intersections and eco-driving model into consideration. First, the data of the floating car collected by the GPS are matched with the electronic map, and the average traveling speed of the vehicle in each road segment is calculated in real time. The position and timing information of the signal lights at each intersection are pre-acquired to establish an eco-driving model at signalized intersections with the support of cooperative vehicle infrastructure system technologies. The vehicle accelerates through the signalized intersection to reduce the waiting time in the case, where the headway is allowed, while the vehicle decelerates to the minimum speed to avoid idling. Based on the traffic lights red light, green light conversion probability, and vehicle energy-saving driving model, the signal light cycle duration is divided into four parts: the green light pass section, the red-light acceleration section, the red light idle section, and the red-light deceleration section. Combining the probability distribution and the fuel consumption model, the average fuel consumption at the intersection area can be calculated. Taking the optimal energy consumption as the goal, combined with the A * algorithm, an optimal path algorithm that considers the influence of traffic lights and energy consumption is proposed. Finally, two examples are tested, including a real-world road map in Changsha city to demonstrate the effectiveness of the proposed algorithm. And the results show that the proposed model has good performance on energy consumption reduction.
I. INTRODUCTION
The optimal path planning is an important part of the intelligent traffic system, helping the driver to choose the shortest distance, the shortest time or other optimal driving route [1] - [3] . Due to the large number of traffic lights, the driver inevitably needs acceleration, deceleration, and idling in the urban road network. The waiting time at the signalized intersection occupies a large proportion of vehicle's travel time. At the same time, idling parking has also caused a lot of energy waste and exhaust emissions. Therefore, it is necessary to consider the waiting time of the vehicle at the intersection and the waste of fuel consumption in the path planning study.
At present, scholars mainly superimpose the average delay time caused by signalized intersections into the shortest path algorithm [4] - [7] . Yang and Miller-Hooks [8] analyzed the additional delay due to signal control in the random timevarying road network under the condition that the traffic time of the road section and the signal timing of the traffic lights are randomly changed and proposed a label correction algorithm which includes the optimal path of waiting for the green time. Lee et al. [9] proposed an intersection-to-intersection real-time travel time estimation model and route suggestion model based on vehicular ad-hoc network (VANET) technology, and the intersection delay is estimated by averaging the timestamp difference of the vehicles entering and leaving an intersection. Fan et al. [10] proposed a labeling algorithm that takes into account the waiting time at signalized intersections by modeling the waiting time of signalized intersections. Zhou et al. [11] further considered the influence of different steering types on the waiting time at signalized intersections and proposed an extended A * algorithm that considers the steering type at signalized intersections.
At present, domestic and foreign scholars have conducted a large number of studies on energy-saving driving at intersections in urban roads [12] - [15] . Zhao et al. [16] proposed an eco-driving control system, aiming to minimize fuel consumption via traffic timing prediction based on fuel consumption model and speed tracking. Based on the continuous multi signal traffic scene model, together with the speed curve and the energy management of hybrid electric vehicles, Luo et al. [17] proposed an approach that aims to optimize green light optimal speed advisory and energy management for hybrid vehicles based on genetic algorithm. Xu et al. [18] achieved the goal of improving traffic efficiency and reducing vehicle fuel consumption by optimizing both signal timing and vehicle traffic speed. Asadi and Vahidi [19] used short-range radar and traffic light information to preoptimize the speed trajectory for the vehicle, allowing the vehicle to reach the intersection within the green time and reduce the number of brakes while maintaining a safe vehicle distance, thereby, reducing idle stop time and reducing fuel consumption. Butakov and Ioannou [20] proposed a personalized speed optimization algorithm based on the traffic light position and timing information, considering vehicle fuel economy and waiting time, combined with the driver's preferences and habits. Kamal et al. [21] predicted the future driving status of the preceding vehicle by obtaining current road traffic information, and then planned safe vehicle spacing and optimal cruising speed for the vehicle to maximize fuel economy. He et al. [22] proposed a multi-level optimization control equation to obtain the optimal speed trajectory of the vehicle at the signalized intersection on the basis of considering both the state of the traffic light and the vehicle queuing. Alsabaan et al. [21] proposed a comprehensive optimization model to reduce fuel consumption and emissions based on real-time communication between vehicles and traffic-lights, and used heuristic methods to obtain the optimal results. He et al. [23] proposed a new vehicle cooperative driving model based on the scene of signalized intersection under the environment of vehicle interconnection, the model planned trajectories for vehicles in the vicinity of traffic signals in advance to reduce stopping frequency and travel time, it also planed the cooperative lane changing strategy in this scenario to improve safety and comfort in the process of lane changing.
In addition, some scholars also consider the influence of signalized intersections in the study of energy consumption optimal path planning. Yan et al. [24] proposed an ecoroute planning model, which takes into account the impacts of major acceleration events associated with link changes and intersection idling, it also explicitly captures delays at intersections and the emissions associated with them, and describes the waiting time of intersections with a probabilistic distribution. Gu et al. [25] developed an eco-routing algorithm, which incorporates a microscopic vehicle emission model into a Markov decision process (MDP), and then transferring the original MDP based formulation to a linear programming formulation. It using three statuses: deceleration, travel at free flow speed, or acceleration to describe the impact of signalized intersections. Mobasheri [26] proposed a bi-objective eco-routing model based on urban road networks, aiming at reducing energy consumption and saving travel time. The impact of signal lights and turning movement were also considered in the model. The influence of traffic lights in the study of optimal energy consumption route planning have been considered in the above literature, but they just considers the idle speed and delay caused by signalized intersections into the eco-routing model, while how to reduce the delay of signalized intersections to further reduce vehicle travel energy consumption is not analyzed.
The contributions of this work may be stated as follows. Firstly, we proposed an eco-routing algorithm with optimal energy consumption, which considers the influence of signalized intersection based on the traditional route planning algorithm. Secondly, in most existing route planning algorithm, the speed of the road section is preset and does not change with time. In this paper, the running speed of the vehicle is changed, which is divided into four states: acceleration, deceleration, idle speed and uniform speed, and through the use of vehicle-road coordination technology to obtain and update the average speed of the road. Finally, in the planning of the optimal path of energy consumption, the principle of minimum travel time of the vehicle is taken into consideration, and the vehicle is considered to be environmentally driven to pass the signalized intersection to further reduce the energy consumption of the vehicle. This paper is organized as follows. In Section 2, we proposes the optimal path algorithm considering the impact of traffic lights and energy consumption. In Section 3, we carries out experimental simulation analysis of the algorithm proposed in this paper. In Section 4, we draw the conclusion of this paper and propose the next stage of research plan.
II. OPTIMAL PATH ALGORITHM CONSIDERING SIGNAL LIGHT AND ENERGY CONSUMPTION IMPACT A. ROAD NETWORK MODEL CONSTRUCTION
Based on the dynamic time-division network [27] , the urban road network model is constructed. The road network is characterized by G=(N, D,V,F), where N={1, . . . , n} represents a set of nodes (i.e., intersections), D indicates the length of the arc between the connected nodes, V represents the real-time speed associated with each arc, and F represents the energy consumption of the vehicle from the start to the end of the trip. In the urban road network, the travel time of the vehicle mainly consists of the travel time of the road section and the waiting time at the signalized intersection.
59696 VOLUME 6, 2018 B. THE AVERAGE SPEED OF THE VEHICLE Nowadays, more and more vehicles are equipped with satellite navigation and wireless communication equipment. Through the satellite navigation module and communication module installed on the vehicle, vehicle position, speed, and time information are periodically sent to the information center. Analyzing and processing such information can lead to better understanding of traffic flow information of each road segment in the real time. Assuming that the number of floating vehicles on a road at time t is n and the instantaneous speed of each vehicle is V i (i = 1, 2 . . . , n), the average speed of vehicles on that road segment at time t is:
Matching the satellite navigation data with the electronic map [28] can get the real-time speed of the vehicle on each road section.
C. DRIVING ENERGY SAVING DRIVING MODELS AT SIGNALIZED INTERSECTIONS
Through the vehicle-to-Infrastructure cooperation/ communication system, the vehicle can obtain the current phase of the traffic light ahead as well as its remaining time (assuming a signal controller having fixed time logic), the real-time distance information of the vehicle from the intersection ahead. Therefore, the driver can adjust the corresponding speed in advance for different signal lights to ensure that the vehicle passes the signal quickly, and at the same time minimize the probability of vehicle's idle stop.
Under the speed-guiding strategy, driving through signalized intersections can be divided into the following four conditions based on the current state of traffic lights:
(1) Passing the stop line of the intersection at a constant speed When the state of the traffic light to be reached by the vehicle is in green phase and the remaining time of the green light is sufficient, the corresponding driver can pass through the intersection by maintaining its current speed.
(2) Passing the stop line of the intersection by accelerating When the traffic light state of the intersection to be reached by the vehicle is in the green phase but is about to turn red . For such case, the vehicle can pass the stop line of the signalized intersection before the end of the green phase by accelerating to the maximum speed limit.
It is assumed that the communication distance of the signalized intersection is S, the maximum speed limit of the road segment is V max , and the minimum speed of the road segment is V min . The vehicle enters the communication distance S of the road section at time A, and travels at the average speed of V i , reaching to stop line at time t 2 . If the vehicle enters the S range and accelerates to the maximum speed of V max with the acceleration a 1 , it will pass through the stop line just before the end of the green time (at time t 1 ). 
It is worth noting that when the vehicle accelerates through the intersection, it is necessary to consider whether there is a car in front of the vehicle and the distance between the two cars (this article does not consider overtaking conditions).
Where d is the minimum safe distance between the vehicle and the vehicle in front when passing through the stop line at the intersection. After the vehicle passes through the intersection stop line, it decelerates to the average speed of the road section, where a 2 is the deceleration of the vehicle and D is the minimum vehicle distance following the car.
The expression of the time headway t is:
In this paper, the Weibull distribution model with three parameters is used to describe the distribution of time headway. According to Weibull distribution, the probability distribution of time headway is:
In the formula, h denotes the time headway of two adjacent vehicles, and t denotes the critical time interval headway. Where α, β, γ are called the distribution parameters, α is the starting point parameter, β is the shape parameter, and γ is the scale parameter.
(3) Passing the stop line of the intersection by decelerating When the vehicle is approaching to the intersection stop line at its current speed, while the traffic light is in red phase and the remaining red time is short. For such case, the vehicle can go through the intersection stop line after the red light phase ends through decelerating the speed to the minimum speed limit.
Assuming when the vehicle is traveling at an average speed of V i , it enters the range of the communication distance S of the road segment at time B, and it will reaches the stop line at time t 3 . Hence, when the vehicle enters the range of S and subsequently decelerates to the minimum speed of V min at deceleration a 2 , the vehicle can pass through the stop line right after the red light phase ends (at time t 4 ), here is the formulation:
(4) Passing the stop line of the intersection after the end of the red light When the vehicle runs at the current speed toward the stop line with traffic lights being in red and the remaining time being long, the vehicle still needs to stop even to the minimum speed limit. At this time, the vehicle should slow down slowly to stop and waiting for the coming green light phase.
D. CONSTRUCTION OF SIGNAL TRAFFIC LIGHT MODEL
On the basis of the independent 4-phase signal control intersection, the phase of traffic lights in each traffic direction is divided into red light (yellow light time is included into red light phase calculation) and green light state.
According to the speed guidance strategy at the signal intersection, the phase of the traffic signal cycle can be further divided into four stages: green light section, red light acceleration section, red light idling speed section, and red light deceleration section. The proportion of the four stages in the traffic signal cycle can be calculated from the contents of the previous section, as shown in Figure 4 .
Where P g is the probability of the green light passage section, P r1 is the probability of the red light acceleration section, P r2 is the probability of the idle speed section of the red light, P r3 is the probability of the deceleration section of the red light, and P h is the probability of headway, which can meet the acceleration of the vehicle.
E. VEHICLE FUEL CONSUMPTION MODEL
The driver can reduce the fuel consumption of the entire journey by passing the signalized intersection at a reasonable speed. The fuel consumption of a vehicle is affected by many factors such as driving behavior, wind speed, and engine technology, etc. Therefore, it is difficult to use a simple mathematical model to accurately describe the vehicle's fuel consumption. This study adopts an instantaneous fuel consumption rate model proposed in [18] . The instantaneous fuel consumption model uses the acceleration and the vehicle speed v as input parameters to obtain an estimation model of the fuel consumption rate. The model can accurately calculate the instantaneous fuel consumption of vehicles under acceleration, idling, deceleration and isokinetic conditions. The fuel consumption formula uses the driving inputs of acceleration a (m/s2) and velocity v (m/s) to provide an estimate on the fuel consumption rate F (ml/s). Where α is the constant idling fuel rate (ml/s), M is the vehicle mass (kg), β 1 is an efficiency parameter which relates fuel consumption to the energy provided by the engine (ml/kj), β 2 relates fuel consumption with positive acceleration (ml/(kj * m/s 2 )).
Where b 1 is the drag force due to rolling resistance (KN), b 2 represents the drag force due to aerodynamic resistance (kg/m). G is the road gradient and g is the gravitational acceleration (9.81 m/s 2 ). For convenience of calculation, this paper assumes that the road gradient is zero.
F. FUEL CONSUMPTION OF VEHICLES PASSING THROUGH SIGNALIZED INTERSECTIONS
Previously, we have analyzed the four driving modes of vehicles passing through signalized intersections, and accordingly proposed a time-phased signal traffic light probability model. The fuel consumption of the vehicle passing through the signalized intersection can be obtained by combining the proportion of the four traffic modes in the whole signal cycle and the fuel consumption under each passing mode. As shown in Fig. 5 , the section between intersection i and intersection j can be divided into two parts: an intersection communication area and a non-communication section.
1) GREEN LIGHT PASSAGE SECTION (CONSTANT SPEED)
When the vehicle enters the communication range of the signalized intersection and the phase of the traffic light is in the green light passage section, the vehicle can pass through the intersection directly at the current speed. At this time, the fuel consumption of the vehicle passing through the intersection is:
Among them, the vehicle travels at the current speed assuming Vi, Vi=Vj, the same as below.
2) RED LIGHT ACCELERATION SECTION (ACCELERATION -CONSTANT VELOCITY -DECELERATION)
When the vehicle enters the communication range of the signalized intersection and the phase of the traffic light is in the red light acceleration phase, the vehicle accelerates from speed V i to V max with acceleration a 1 , and then travels at speed V max to the intersection stop line, and finally with deceleration a 2 by the speed V max decelerates to V j , the fuel consumption through the intersection in this way is:
Where the driving time of the vehicle in the acceleration phase is (V max − V i ) /a 1 , the driving time at maximum speed limit is t 1 − (V max − V i ) /a 1 , the driving time in deceleration phase is V max − V j /a 2 .
3) RED LIGHT IDLE SECTION (CONSTANT SPEED -DECELERATION -IDLE -ACCELERATION)
When the vehicle enters the communication range of the signalized intersection and the phase of the traffic light is at the red idle stage, the vehicle travels at the speed V i to the vicinity of the intersection, and then decelerates to 0 with the deceleration a 2 from the speed V i . When the green light starts to brighten, it accelerates to V j with acceleration a 1 , the fuel consumption through the intersection in this way is: a 1 , t) , a 1 )dt (18) Where the driving time of the vehicle at the current speed is (S − V 2 i /2a 2 )/V i , the driving time in deceleration phase is V i /a 2 , the driving time in idle speed phase is r/2, the driving time in acceleration phase is V j /a 1 .
4) RED LIGHT DECELERATION SECTION (DECELERATION -CONSTANT SPEED -ACCELERATION)
When the vehicle enters the signalized intersection communication range and the traffic light phase is in the red light deceleration section, the vehicle decelerates from the speed V i to V min with the deceleration a 2 , then travels to the intersection stop line at speed V min , and finally accelerating to V j with acceleration a 1 , the fuel consumption through the intersection in this way is:
Where the driving time of the vehicle in deceleration phase is (V i − V min ) /a 2 , the driving time at minimum speed limit VOLUME 6, 2018 is t 4 − (V i − V min ) /a 2 , the driving time in acceleration phase is V j − V min /a 1 . In summary, it is possible to calculate the fuel consumption of the vehicle passing the signalized intersection in four different ways according to the phase of the traffic light. Combined with the probability of these four ways, the average fuel consumption of vehicles passing signalized intersection can be calculated, the calculation formula is as follows:
G. THE REAL-TIME SHORTEST PATH ALGORITHM CONSIDERING FUEL CONSUMPTION
In the urban road network, due to the presence of signalized intersections, the operating conditions of the vehicle include acceleration, deceleration, idling, and constant speed. The idling conditions account for a relatively large proportion of the entire driving process, which has a great impact on the energy loss of vehicles and the emission of pollutants. Therefore, in the urban road network considering the influence of traffic signal lights, the vehicle needs to pass through the signal intersection in a nonstop way and avoid idle stop to reduce the waiting time and the loss of energy consumption at the intersection. This study proposes a model of energysaving driving of vehicles at signalized intersections, and combines the probability model of traffic lights to obtain a fuel consumption calculation method for vehicles passing through signalized intersections. There are four ways for vehicles to pass through signalized intersections based on the energy-saving driving model and the current traffic light phase. A * algorithm is a heuristic search algorithm, which uses the evaluation function to limit the search range. It has the advantages of high search efficiency and easy implementation. The traditional A * algorithm does not consider the waiting time and energy consumption at the signalized intersection. In this paper, the A * algorithm is extended based on the fuel consumption model of the signalized intersection, and the optimal route algorithm considering the influence of traffic lights and energy consumption is proposed.
Its evaluation function is expressed as the following formula:
Where f (j) is the evaluation value of arc node j, g(j) is the actual cost of the initial arc node to node j, g(j) i, d ij is the actual cost of the initial arc node to node i, d ij is the distance between intersection i and intersection j, S is the communication distance of the intersection, F j is the fuel consumption of the vehicle passing through intersection j, 0) is the fuel consumption of the distance between non-communication sections between intersections i and j, h(j) is the estimated cost of arc node j to the target arc node, D(j) is the Euclidean distance between the arc node j to the target arc node. V max is the maximum speed limit value of the road network.
To ensure that the optimal path is found, h(j) must be less than or equal to the actual cost of the arc node j to the target arc node. Since the Euclidean distance between two points in the road network is the shortest, it is compared with the maximum speed limit value of the whole road network and multiplied by the corresponding fuel consumption rate, and the obtained fuel consumption must be smaller than the actual fuel consumption.
III. NUMERICAL EXAMPLE A. A SMALL EXAMPLE
A simple road network is designed to illustrate the implementation process of the optimal path planning algorithm considering the influence of signal lights and energy consumption. As shown in Figure 6 , the road network contains 25 intersections and 40 road sections. The example is set as follows:
(1) Each road section in the road network is bidirectional. The length is shown in Table 2 . The maximum speed limit of the road network is 60km/h, the minimum speed limit is 15km/h, and the average speed of the smooth road section is 40km/h.
(2) Uniformly define the phase sequence of all signalized intersections in the network: the intersection has 4 phases, phase 1 is north-south through, phase 2 is left-turn for southnorth entrance, phase 3 is east-west through, phase 4 leftturn for east-west entrance. The phase of each signalized intersection is independent, known, and fixed. The signal timing parameters are shown in Table 3 . The path calculated by the algorithm presented in this paper is: 16-11-6-1-2-3-4-5. The path includes six intersections, one of which is right and six are straight. The total length of the road is 4.5km.
First, according to the phase timing information of each traffic signal, the probability of each segment of the traffic light cycle duration can be calculated by formula 13. According to the known information such as road traffic speed, road network speed limit, vehicle acceleration, deceleration, etc., the fuel consumption of the vehicle passing through the intersection under four conditions can be calculated by Equations 16-19. The four conditions related to the phase of the traffic light include the green pass section, the red light accelerating section, the red light idle section, and the red light deceleration section. Combined with the previously calculated probability, the fuel consumption of the vehicle passing through a signalized intersection can be obtained by formula 20. The fuel consumption of each intersection in the path obtained by the example is shown in Table 4 . The fuel consumption that the vehicle spends through the entire path can be obtained by the vehicle's fuel consumption at the intersection section plus the fuel consumption of the road section, the final result of this example is 488.3ml.
B. A REAL-WORLD EXAMPLE BASED ON ELECTRONIC MAP
The map information of a certain area in Changsha City was selected from OpenStreetMap [29] . The test vehicle model is Hover H6. We install a data acquisition device in the on-board diagnostic system of the experimental vehicle, through which we can collect the working condition data of the vehicle, including longitude and latitude, real-time speed, instantaneous fuel consumption and so on. Before the experiment, the traffic lights in the planned route need to be investigated to obtain the position and phase timing information of the traffic lights, which is provided by the Changsha traffic police detachment. The average speed of the road section is calculated according to the floating car data. The floating car data comes from the''the platform of the Project of China automotive test cycles(CATC)''. Through the CATC platform, we can obtain information such as the latitude, longitude and instantaneous speed of the running vehicle . By matching the latitude and longitude information of the vehicle with the map, the average traveling speed of the road can be calculated. According to the timing information of the traffic light and the average running speed of the road section, the fuel consumption of the communication section of each intersection can be calculated. Then, we can obtain the optimal route through the extended A * algorithm proposed in this paper. After calculating the route by selecting the departure point and destination on the map, the actual vehicle experiment is performed according to the planned route.
At the same time, it is necessary to select the time when the traffic conditions are relatively smooth in order to conduct experiments. In the experiment, the main driver is responsible for driving the vehicle, and the assistant driver is responsible for the broadcast of the phase of the traffic light and the guidance of the driving mode. The experimental comparison route is the shortest path calculated using the traditional A * algorithm (without considering the influence of traffic lights and energy consumption), as shown in Figure 9 , path 4. The path calculated by the optimal path algorithm considering the influence of traffic signals and energy consumption proposed in this study is path 3 shown in Figure 8 . By comparison, it can be seen that the two paths are significantly different. The length of the entire section of path 4 is shorter, but the number of intersections passing through is greater; the length of the entire section of path 3 is longer, but the road level is higher, and the number of intersections is small.
The results of the road test experiment data are now statistically analyzed, as shown in Table 5 . Among them, the calculated value of fuel consumption is calculated using the calculation method of this study, and the rest of the data are measured values of the vehicle. The actual travel distance of Path 3 is 6.3 km. This path contains 7 signalized intersections, of which 5 are straight, 1 is left, and 1 is right. The total travel time of this path is 11.4 minutes and the fuel consumption is 632ml. The actual travel distance of Path 4 is 5.7 km. This path includes 10 signalized intersections, of which 8 are straight, 1 is left, and 1 is right. The total travel time of this path is 14.5 minutes and the fuel consumption is 705 ml.
Compared to Route 4, the actual trip distance of Route 3 has increased by 9.5%, but the travel time has reduced by 21.4% and the fuel consumption has reduced by 10.3%. This is because of the large number of signalized intersections along path 4, which leads to a large increase in waiting time for the vehicle at intersections. At the same time, frequent acceleration and deceleration operations at signalized intersections also increase fuel consumption. In Route 3, the number of intersections is small, which not only saves the waiting time at the intersection, but also increases the average traffic speed of the vehicle during the entire driving process.
IV. CONCLUSIONS
This study proposes an optimal path planning algorithm that considers the effects of traffic lights and fuel consumption. By constructing a traffic light model based on Markov chain, considering that the traffic light in advance will be changed from green light to red light, and when the headway distance is greater than the critical threshold, the vehicle accelerates through the intersection. When the front traffic light is about to change from the green light to the red light, the vehicle decelerates to avoid idling. On this basis, combined with the A * algorithm, an extended A * algorithm based on optimal vehicle energy consumption is proposed. The example verification shows that as compared to the traditional A * algorithm, the proposed algorithm has a better route, shorter time, and less fuel consumption. The algorithm proposed in this study takes into account the influence of signalized intersection on the basis of traditional algorithm. When the vehicle passes through the signalized intersection, it needs to perform acceleration and deceleration operations according to the phase of the traffic light, which will increase fuel consumption. The algorithm can effectively avoid the route with too denselyspaced signalized intersection. By calculating the energy consumption of road sections and the energy consumption at signalized intersections, the effect of route length and density of signalized intersections can be effectively weighed. In addition, the use of energy-saving driving through the signalized intersection can achieve the purpose of saving energy. The algorithm is applicable to a dense network of traffic lights in urban roads, and the denser the traffic lights on the road, the more obvious the superiority of the algorithm. At the same time, the algorithm also has some limitations. There are obvious differences in the arrival traffic flow at the signalized intersections in different time periods. During traffic peak hours, the traffic flow is dense, the distance between the front and the vehicle is small, and the probability that the vehicle accelerates through the intersection is also small.
In the follow-up study, the following four aspects need to be further considered: (1) Consider the coordination of sig-nalized intersections and accordingly control the phase difference at adjacent intersections to further reduce the waiting time at intersections. (2) Consider the distribution of traffic flow in different time periods, further analyze the headway distance under the influence of traffic flow, and improve the accuracy of the algorithm. (3) Taking into account the impact of the maximum speed limit of the road section and vehicle acceleration at the extension of the green light duration at, and the delay of queued vehicle needs to be considered in the case of large traffic flow. (4) Refine the estimated volumedelay function of the signal to improve the accuracy of the prediction results, and further considering the influence of various setting parameters (such as maximum speed limit, minimum speed limit, acceleration, deceleration, etc.) on the results of the algorithm. 
